The mass-accumulation rate (MAR) of the non-authigenic, inorganic, crystalline component of deep-sea sediments from the Pacific aseismic rises apparently reflects influx of eolian sediment. The eolian sediment usually is dominated by volcanic material, except during glacial times. Sediments from Hess Rise provide a discontinuous record of eolian MARs. During Albian to Cenomanian time, the influx of volcanic material was fairly high (0.35-0.6 g/cm 2 /10 3 yr), recording the latest stages of the Albian volcanism that formed Hess Rise. From the Campanian through the Paleocene, influx of eolian sediment was low, averaging 0.03 g/cm 2 /10 3 yr. None of the four Hess Rise drill sites show evidence of the Late Cretaceous volcanic episode recorded at many sites now in the equatorial to subtropical Pacific. Pliocene to Pleistocene samples record a peak in volcanic influx about 4 to 5 m.y. ago, which has been well documented elsewhere. The several-fold increase in eolian accumulation rates elsewhere which are correlated with the onset of severe northernhemisphere glaciation 2.5 m.y. ago is not obvious in the Hess Rise data.
INTRODUCTION

Background and Objectives
DSDP Leg 62 was planned to investigate the paleoenvironment of the North Pacific Ocean. Hess Rise was chosen as the location for three drill sites, because its crestal parts lie near or above the calcite compensation depth, thus greatly increasing the chance of encountering well-preserved sections of calcareous biogenic sediment. It was hoped that sediments from Hess Rise and the Mid-Pacific Mountains would provide the basis for a detailed reconstruction of the Pacific oceanic environment from the present back to middle Cretaceous time.
The North Pacific aseismic rises (Hess, Shatsky, and the plateau level of the Mid-Pacific Mountains) are also among the best places for studying the history of eolian deposition. These areas probably have always been above the region of nepheloid-layer transport of finegrained sediments below about 4500 meters. Second, these sites are far from continental margins, and thus beyond the realm of hemipelagic deposition. Furthermore, the rises have been south of the polar front (subpolar convergence) during Pleistocene nonglacial and glacial intervals (CLIMAP, 1976) , and thus are not likely to have been subject to deposition by ice-rafting.
If these three sediment sources can be discounted, then the most significant remaining non-authigenic, inorganic, crystalline materials are the dust grains carried by the winds. Eolian dust may come from distant continents or local volcanoes, and the mass-accumulation rates presented below record changes in both supply rate and transport efficiency; we are unable to determine which factor is dominant from accumulation-rate data alone. The mineralogy of the Hess Rise sediments Initial Reports of the Deep Sea Drilling Project, Volume 62. (Valuer and Jefferson, this volume) suggests that most of the presumably eolian component is of volcanic origin.
Geologic Setting
Hess Rise is a triangular elevation bounded by the Mendocino Fracture Zone on the south, the Emperor Trough on the northeast, and the Emperor Seamounts to the west ( The sections cored at these three sites are illustrated in Figure 2 . At Site 464, Sub-unit IA is 18.8 meters of clayey radiolarian ooze of Pleistocene to early Pliocene age; Sub-unit IB is 17.3 meters of lower Pliocene and upper Miocene siliceous clay that contains some volcanic glass. Below, there is a rather abrupt change to the underlying brown clays of Unit II. These clays are 52.9 meters thick and range in age from early Miocene to late Cretaceous (Doyle and Riedel, this volume). Unit III consists of 218.6 meters of red-brown chert and nannofossil limestone of Albian and Cenomanian age. Because the recovery from this unit was essentially all chert pieces, there were no subsamples taken for our analysis. Basalt comprises the 0.16 meters of Unit IV.
Drilling in two holes at Site 465 encountered three lithologic units (Fig. 2) 
METHODS
There are two parameters which describe the rate of deposition of sediment: one, the linear sedimentation rate (LSR), or the length per unit time, undergoes an apparent reduction in value (van Andel et al., 1975) as the weight of the overlying sediment compacts the sediment and reduces its porosity; the second parameter, a measure of the drymass flux called the mass-accumulation rate (MAR), eliminates the compaction problem and allows comparison of samples from different depths. To determine the MARs in units of g/cmVlO 3 yr, we first determined the dry weight of the sediment per unit wet volume. The product of this value, the dry-bulk density, and the LSR yields the mass-accumulation rate. To determine the inorganic MAR, we calculated the product of the weight percent of the non-authigenic, inorganic, crystalline component and the MAR of the sedimentary section.
The non-authigenic, inorganic, crystalline component was isolated by extracting the calcareous, opaline, and oxide-hydroxide portions of the sediment. Details of the laboratory methods are given by Rea and Janecek (this volume) . Tables 1,2 , and 3 are a summary of the dry-bulk densities, porosities, MARs, LSRs, and inorganic MARs at each Hess Rise site. Figures 3 to 6 are plots of the inorganic MARs versus age.
Values that seemed to indicate an important change in MAR were rerun, as were widely discrepant points. We achieved agreement within 5% of the originally determined value with each replicate, an indication of the precision of our procedures.
MASS-ACCUMULATION RATES
Site 464
The LSR determined for the Pliocene siliceous clays of Unit I is 11.3 m/m.y. (site 464 report, this volume). For our calculations, we have assumed that this rate is valid down to the top of the brown clays of Unit II. The age span of the brown clays is broad and gives a LSR of less than 1 m/m.y. for Unit II. This section is almost certainly characterized by discontinuous sedimentation (Doyle and Riedel, this volume), so we have not included it in our calculations of the inorganic MAR.
During the Pliocene, the MAR of the non-authigenic, inorganic, crystalline component of sediments at Site 464 was moderately high, fluctuating between 0.2 and 0.4 g/cm 2 /10 3 yr (Table 1; Figs. 3 and 6).
Site 465
At Site 465, we were able to calculate MARs of the eolian component for materials of Pleistocene to Pliocene, Paleocene to Maastrichtian, and Cenomanian to Albian age (Table 2 ; Fig. 4 ). The first two cores at this location were somewhat disturbed and gave evidence of Paleogene to Neogene reworking (Site 465 report, this volume).
Linear sedimentation rates are unusually low for the three samples of youngest nannofossil ooze, about 1 m/m.y., and ages of these sediments are not well determined. We suspect that a significant part of the PlioPleistocene section has been lost (or was never deposited). Sedimentation rates for the entire section are given in the Site 465 report (this volume).
The MARs of the eolian component of the PlioPleistocene sediments at Site 465 are artificially low (0.002 to 0.009 g/cm 2 /10 3 yr), roughly two orders of magnitude lower than values for sediments of the same age at other Hess Rise sites ( Table 2 ). The percentage of the eolian component at Site 465 (2-8%) is, however, similar to that at Site 466 (2-18%) (Tables 2 and 3) . Near the Cretaceous/Tertiary boundary, the MAR of the eolian component is also very low, averaging 0.016 and ranging up to 0.057 g/cm 2 /10 3 yr. Samples from the organic-matter rich section of the Cenomanian to Albian laminated limestone show moderately high values for the accumulation of nonauthigenic, inorganic, crystalline components, but some of these values may be in error. We were unable to remove all the organic material from our samples from these intervals, although treatment with H 2 O 2 seemed to remove most of it. Furthermore, the laminated limestones apparently were emplaced by down-slope transport from Mellish Bank (Site 465 report, this volume), so the inorganic MARs from this unit may represent 
DISCUSSION
The record of accumulation of eolian material on Hess Rise is far from complete, a result of large gaps in the depositional record and of very low recovery in the cherty Cretaceous sequences. Enough data do exist, however, to provide some insight into eolian MARs during Pleistocene to Pliocene time, Paleocene through Campanian time, and early Cenomanian to late Albian time.
Accumulation rates of the non-authigenic, inorganic, crystalline component of the deep-sea sediments on Hess Rise were moderately high during the late Cenozoic. At Sites 464 and 466, the MARs of this component are about 0.3 and 0.2 g/cm 2 /10 3 yr, respectively. The eolian MARs at Site 465 are unusually low, because of inaccuracies in dating the apparently incomplete PlioPleistocene section there (Site 465 report, this volume).
Details of the Plio-Pleistocene accumulation rates for the eolian component are shown in Figure 6 . Data from Site 464, on northern Hess Rise, show fluctuating values from Pliocene sediments about 2.4 to 5.0 m.y. old. The MAR pattern at Site 464 apparently contains no unique information; it broadly conforms to the general pattern of higher eolian MARs 4 to 5 m.y. ago, and relatively lower values about 3 m.y. ago, that can be seen in the data from Site 466 (Fig. 6 ) and from Site 463 (Rea and Janecek, this volume) . Site 466 contains the most complete record of the three Hess Rise Plio-Pleistocene sections drilled during Leg 62. We sampled this section in greater detail than the others, hoping to learn more about the periodic volcanism and the climatic changes of the late Cenozoic. Smear slides of these sediments show as much as 5% volcanic glass, and traces of clay minerals and zeolites. Between about 3.8 and 5.4 m.y. ago, the accumulation of eolian material averaged about 0.22 g/m 2 /10 3 yr. More recently at Site 466, the average has been about 0.1 g/m 2 /10 3 yr (Table 3 ; Fig. 6 ). The accumulation maximum of the eolian component between roughly 4 and 5 m.y. ago also occurs at Site 463 (Rea and Janecek, this volume) , and ash layers of this age are common throughout the world's oceans . Both circum-Pacific and mid-plate (Rea and Scheidegger, 1979) volcanic activity were relatively high during the early Pliocene, and this appears to be the direct cause of the high MARs 4 to 5 m.y. ago at Site 466. Between 3.8 m.y. ago and the present, the eolian MAR at Site 466 has been about 0.1 g/cm 2 /10 3 yr and displays relative lows at 3 and 1 m.y. ago, with higher values 1.5 to 2 and about 0.2 m.y. ago (Fig. 6 ). This pattern is different from that calculated for the other two locations in the North Pacific where appropriate data exist. About 2200 km east of Site 466, and at a similar latitude, a large-diameter piston core of red clay (LL44-GPC3; 30.3 °N, 157.8°W) reveals a similar MAR for the eolian component, but shows a pattern of roughly fivefold increase in that MAR value since the late Miocene (Leinen et al., 1979) . At Site 463, 1400 km south of Site 466, there has also been a five-fold increase in the eolian MAR since late Miocene time, although the actual values of inorganic MAR are almost an order of magnitude less than at Site 466 (Rea and Janecek, this volume) . The absence of the upper Miocene at Site 466 precludes an evaluation of this anticipated relative increase in eolian MARs.
During the Maastrichtian to early Campanian, the mass-accumulation rate of non-authigenic, inorganic, crystalline material on Hess Rise was very low; MARs averaged less than 0.02 and about 0.04 g/cm 2 /10 3 yr for Sites 465 and 466, respectively. Smear-slide and carbonate-percent data from Site 310, on central Hess Rise (Larson, Moberly, et al., 1975) , also suggest a very low accumulation rate of eolian material during this same period.
This low MAR for the eolian component on Hess Rise is in marked contrast to MAR data for the same time from drill sites to the south. At Site 463, in the western Mid-Pacific Mountains, the eolian MAR for lower Maestrichtian materials is about 0.2 g/cm 2 /10 3 yr (Rea and Janecek, this volume) . In the Nauru Basin, at Site 462, it is even higher, averaging 0.6 g/cm 2 /10 3 yr for the interval 69 to 77 m.y. ago (Rea and Thiede, in press ). Many other sites in the central Pacific contain more-qualitative data recording an increase in volcanic activity during Campanian to Maastrichtian time (Site 61, Leg 7, Winterer, Riedel, et al., 1971; Sites 196, 198, and 199, Leg 20, Heezen, MacGregor, et al., 1973; Site 313, Leg 32, Larson, Moberly, et al., 1975; Sites 315 and 316, Leg 33, Schlanger, Jackson, et al., 1976) . There seems little doubt that many of the volcanic edifices now lying in the equatorial and subtropical Pacific were created during this period of eruptive activity (c/. Winterer, 1976 (Winterer, Ewing, et al., 1973) and the Nauru Basin (Rea and Thiede, in press ) also reflect a moderate amount of midCretaceous volcanism. Albian to Cenomanian volcanism apparently was a common phenomenon in the central Pacific (Winterer, 1976) .
SUMMARY
Samples from three drill sites on Hess Rise were treated chemically to remove the calcareous, opaline, and authigenic fractions of the sediment. The remaining fraction is presumed to represent the influx of eolian material to Hess Rise, except for the mid-Cretaceous limestone turbidites. Variations in the mass-accumulation rate of this component appear to reflect fluctuations in the influx of volcanogenic material, except perhaps during the late Cenozoic glacial ages. As a result of long hiatuses and very low recovery in some sections, only a discontinuous record of eolian influx can be constructed (Figs. 3, 4 , and 5).
Ash layers just above the trachyte basement at Site 465 record the waning of Albian volcanism that constructed Hess Rise; MARs of the inorganic component for the late Albian and early Cenomanian may reflect bottom transport of material as well as eolian influx and are reasonably high-0.6 g/cmVlO 3 yr at Site 465, and 0.35 g/cmVl0 3 yr at Site 466, somewhat farther from the possible source region on Mellish Bank. This midCretaceous volcanism on Hess Rise appears to be part of an episode of volcanic activity that spanned much of the west-central Pacific.
Mass-accumulation rates of the eolian component were very low from the Paleocene through the Campanian, averaging roughly 0. (Fig. 6 ) reveals a maximum MAR 4 to 5 m.y. ago, a low centered about 3 m.y. ago, and slightly higher but fluctuating values since then. The peak at 4 to 5 m.y. ago is thought to reflect the Pacific-wide volcanic maximum that occurred in early Pliocene time Rea and Scheidegger, 1979) . Data from other locations in the Pacific show a several-fold increase in the eolian MAR during the last 2 or 3 m.y., associated with the onset of glaciation (Leinen et al., 1979; Rea and Janecek, this volume) , but this MAR increase is not as clear-cut at Site 466. Perhaps other kinds of data from Site 466, such as the grain size and mineralogy of the eolian component, would give more obvious information on this topic.
